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Abstract Clay minerals are frequently used in adsorption
processes with aqueous solution; it was found that the
adsorption properties of clays change when the samples are
modified. In this context, polyaniline-modified clay nano-
composite (at 10 %) was prepared by in situ polymeriza-
tion processes. The structural and morphological
characteristics of the synthesized material are systemati-
cally examined by X-ray diffraction, scanning electron
microscopy, thermo-gravimetry, differential scanning cal-
orimetry and infrared spectroscopy techniques. The
adsorption property of the modified clay was evaluated for
the removal of a reactive dye (methylene blue) from
aqueous solution at room temperature (25 C) via batch
adsorption.
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Introduction
The widespread application of dyes in textiles, printing,
dyeing, and food plants has produced a large amount of
dye wastewater. Because some dyes and their degrada-
tion products may be carcinogens and toxic, the removal
of dyes from wastewater becomes an important issue in
the environmental protection [1]. Different techniques
such as adsorption, oxidation, reduction, electrochemical
and membrane filtration have been applied for the
removal of these pollutants from the industrial effluents
[2, 3]. Adsorption techniques have proven successful in
lowering dye concentration from industrial effluents by
using adsorbents such as activated carbon, peat, chitin,
clay, and others [4].
Natural Algerian clay minerals, e.g., kaolinite, smectite,
illite, chlorite, etc., are very abundant materials with a low
cost and porous texture. Due to their structural properties,
high chemical stability, high specific surface area and high
adsorption capacity, they can be used to remove dye from
effluents. The clays can adsorb organic substances either on
its external surfaces or within its interlamellar spaces, by
interaction with or substitution of the exchange cations in
those spaces [5].
One of the methods for obtaining absorbent clays with
high adsorption capacity is their modification by poly-
mers. Previous research demonstrated that the organic
modifiers could change the surface property of the clays
from hydrophilic to hydrophobic, and then significantly
enhanced their affinity for organic contaminants [6].
Incorporation of guest electroactive polymers such as
polyaniline (PANI), polypyrrole (PPy), etc., into host
clay particles has attracted great attention because of
their better processibility with colloidal stability,
mechanical strength and novel electrical, catalytic prop-
erties [7].
In the present investigation an attempt has been made to
prepare modified clay used as adsorbent for the removal of
methylene blue from wastewater.
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The raw clay was obtained locally from a deposit located
30 km from the town of Tiaret in western Algeria. The clay
is of kaolinite/illite-type, having the following chemical
composition: SiO2 (44.23 %); Al2O3 (10.75 %); Fe2O3
(4.31 %); CaO (16.58 %); MgO (2.68 %); SO3 (0.24 %);
K2O (1.75 %); Na2O (0.46 %); PF (18.08 %).
All other reagents used in the experiments were of
analytical grade and used directly as purchased: aniline
(C6H7N); oxidizing agent [ammonium persulfate (NH4)2-
S2O8]; sulfuric acid (H2SO4).
Modified clay preparation
After recovery of the clay fraction by sedimentation,
polyaniline-modified clay was prepared according the fol-
lowing procedure:
In a container of 50 mL, 0.46 mmol of ammonium
persulfate (NH4)2S2O8 as oxidant was dissolved into
50 mL of sulfuric acid H2SO4 solution (0.5 mol L
-1)
already prepared.
In parallel in a flask, 2.2 mmol of aniline (C6H7N) was
dissolved in 50 mL of solution of sulfuric acid H2SO4 and
0.8 g clay already prepared was added with aniline fol-
lowed by stirring for 30 min to dissolve aniline. Then the
two solutions were brought to the desired temperature
(water bath).
The contents were poured into a bulb addition, after
verifying that the temperature was correct (stirring was
stopped to dip the thermometer, and the oxidizing solution
was added drop by drop with the addition funnel over
30 min, and then left while stirring approximately another
30 min (Fig. 1).
Characterization
X-ray diffraction spectra have been measured by using a
Philips PW 1830 goniometer using the Cu-Ka line
(k = 0.15458 nm) radiation under 40 kV and 100 mA and
scanning with the 2h ranging from 10 to 70. The crystal
phases were identified by comparison with JCPDS cards.
Microstructures and morphologies were investigated
using JEOL JSM-840 scanning electronic microscope
(SEM) at an acceleration voltage of 20 kV. The samples
were deposited onto carbon tape and coated with gold in a
Balzers plasma sputterer (30 s at 30 mA).
Thermo-gravimetry (TGA) and differential scanning
calorimetry (DSC) were used in this work to study the
behaviour of the modified clay with Netzsch DSC 204F1
Phoenix 240-12-0110-L instrument.
Infrared spectroscopy (IR) was used to identify the




In Fig. 2 the XRD pattern of modified clay indicates the
dominant association of kaolinite and illite minerals. The
2h between 20o and 30o revealed the presence of kaolinite
mineral [8]. Intercalation of PANI between the clay layers
is evident from the two broad peaks and was observed
centered at 2h values 21 and 25, which are ascribed to the
periodicity parallel and perpendicular to the polymer chain,
respectively [9].
Figure 3 SEM image shows the surface morphology of
prepared adsorbent with modified clay. The morphology
of the kaolinite crystal is platelet shaped and the number of
agglomerates has decreased relative to the analogous fea-
tures in unmodified kaolinite [10, 11].
The TG and DSC curves shown in Fig. 4a, b represent
the thermal degradation of modified clay. The TGA curve
shows an initial weight loss up to 100 C, due to the loss of
water or moisture from the polymer. The polymer is ther-
mally stable up to 200 C; from 400 to 575 C organic
material is removed from the sample. The endothermic
peak at 547 C represents the dehydroxylation of the kaolin
sample forming metakaolin [12–14].
On the DSC curve, there are two endothermic peaks at
around 75 and 275 C. The first one can be attributed to the
expulsion adsorbed water and moisture from the sample
and the second one is due to the thermal degradation of the
material and the dehydroxylation of kaolinite.
The infrared absorption spectrum of sample (Fig. 5)
possesses characteristic absorption bands. The broad
Fig. 1 Process for clay modification
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infrared bands at 1,028 cm-1 [m (Si–O)], assigned the clay
minerals (kaolinite/illite) in the sample. The IR bands near
772, 3,447 cm-1 also indicate the presence of kaolinite
mineral. IR PANI showed characteristic bands at 1,543 and
1,426 cm-1 (stretching vibration of quinoid ring and ben-
zenoid ring), 3,100 cm-1 (N–H str), 2,900 cm-1(C–H str),
and 1,291 cm-1 (C–N) [15].
Adsorption experiment
Equilibrium study
The interest of this study is to determine the time required
to reach the adsorption equilibrium of the dye; 0.1 g of
adsorbent was added to 100 mL of dye solution of known
concentration (10 mg L-1). The pH of solution was equal
to 6 and at constant temperature (25 C). The mixture was
stirred on a rotary orbital shaker at 160 rpm.
The sample was withdrawn from the shaker at the pre-
determined time intervals (20 min) and absorbents were
separated from the solution by centrifugation at 4,000 rpm
for 15 min. The absorbance of the supernatant solution was
estimated to determine the residue of dye concentration
(Ct).
In the Fig. 6, is presented the amount of dye (MB)




-1) was calculated using:
qe ¼ C0  Ceð Þ  V½ =w
where C0 and Ce are the initial and final MB concentrations
(mg L-1) in the solution, respectively, V is the volume of
solution (L) and w is the mass of adsorbent (g).
Fig. 2 XRD pattern of raw
material (a), pure polyaniline
(b) and modified clay (c)
Fig. 3 SEM image of modified clay
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From the figure, adsorption is rapid for the first 20 min
due to the adsorption of dye onto exterior surface, after that
dye molecules enter into pores (interior surface), relatively
slow process [16] and equilibrium is reached after 30 min
which shows the effectiveness of the materials for the
elimination of the dye.
Effect of initial dye concentration
A mass of 0.1 g of adsorbent was contacted with 100 mL
solutions of dye concentrations 5, 10, 15 and 20 mg L-1 at
the pH 6, at constant temperature (25 C) and stirring at the
speed of 400 rpm. Concentrations of MB were measured at
equilibrium. The percentage of dye removal (Fig. 7) was
determined using equation:
Fig. 4 a TG plot of modified clay. b Differential scanning calorimeter (DSC) thermogram of modified clay
Fig. 5 IR spectrum of modified
clay
Fig. 6 Effect of contact time on the adsorption of MB dye
(T = 25 C, pH = 6, dosage of adsorbent = 1.0 g L-1, [MB]0 =
10 mg L-1, V = 100 mL)
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% Removed ¼ ðCo  CeÞ 100
Co
where, Co and Ce are initial and equilibrium concentrations
of dye (mg L-1), respectively.
At lower dye concentrations solute concentrations to the
available surface area of adsorbent are higher, which cause
an increase in color removal [17]. At higher concentrations,
lower adsorption yield is due to the saturation of adsorption
sites [17].
Effect of adsorbent mass
0.05, 0.1, 0.15 and 0.2 g of prepared sample (modified
clay) was added to 100 mL dye solution. The initial dye
concentration was 10 mg L-1 (pH 6) at constant temper-
ature (25 C) and stirring at the speed of 400 rpm. Con-
centrations of MB were measured at equilibrium. The
percentage of dye removal (Fig. 8) was determined using
equation:
% Removed ¼ ðCo  CeÞ 100
Co
where, Co and Ce are initial and equilibrium concentrations
of dye (mg L-1), respectively.
It appears quite clear from Fig. 8 that the adsorption
percentage removal increases with increase in adsorbent
dose and reaches a maximum value of 99.61 % at a dose of
0.2 g in 100 mL of solution.
Conclusion
In conclusion, the present work is a contribution to the
enhancement of clay, an abundant and low-cost naturally
occurring material for the preparation of adsorbent used in the
treatment of wastewater and in particular the removal of dyes.
The adsorption of methylene blue onto polyaniline-
modified clay from aqueous solutions was studied. Poly-
aniline-modified clay adsorbent was prepared by in situ
polymerization processes and characterized by DRX, SEM,
TGA, DSC and IR.
The adsorption of MB was highly dependent on various
operating parameters such as contact time, initial dye
concentrations and adsorbent dosage.
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